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INTRODUCTION 

Knowledge of t h e  c o a l  char  r e a c t i v i t y  i n  t h e  temperature  range 1100-16OO0C 
is of fundamental importance i n  understanding many c o a l  g a s i f i c a t i o n  and 
d i r e c t  combustion processes .  However, due t o  t h e  i n t r i c a t e  i n t e r p l a y  of t h e  
d i f f u s i o n a l  s t e p s  and t h e  chemical o r  s u r f a c e  s t e p  i n  t h i s  temperature  
range, (1) s t u d i e s  i n  t h i s  a r e a  have been r e l a t i v e l y  rare compared t o  s t u d i e s  
i n  t h e  lower temperature  range.  Recent ly ,  a d i f f u s i o n  c e l l  t echnique  has  
been developed a t  Brookhaven f o r  measuring t h e  chemical  r a t e s  i n  t h e  
d i f fus ion/chemica l  r e a c t i o n  combined-controlled r e g i o n  and the  technique  
has  been appl ied  t o  s t u d i e s  of  t h e  k i n e t i c s  of t h e  r e a c t i o n s  between CO 
and a nuc lear  g r a p h i t e  i n  t h e  temperature  range of 1200-1600"C(2) 
paper ,  w e  wish t o  r e p o r t  t h e  i n i t i a l  r e s u l t s  of t h e  k i n e t i c s  of t h e  same 
r e a c t i o n  a t  a t o t a l  p r e s s u r e  of 1 atm us ing  c o a l  c h a r s  of vary ing  rank.  

I n  tzis 

EXPERIMENTAL 

Apparatus 

The apparatus  and t h e  gas  flow system are e s s e n t i a l l y  t h e  same as 
descr ibed  previous ly , (2)  except  t h a t  t h e  f low system w a s  b u i l t  on a Cahn- 
RlOO nul l - type  ba lance  i n s t e a d  of a Mettler TA-1 ba lance .  This  r e a c t o r  
system i s  c a  a b l e  of 170OOC and 15 atm o r  h igher  pressures  and i s  descr ibed  
elsewhere.(3P It would s u f f i c e  i n  t h i s  r e p o r t  t o  n o t e  t h a t  t h e  alumina 
d i f f u s i o n  c e l l  had a dimension of 1 6  x 24 (diameter  and length)  and t h e  gas 
f low w a s  downward and a t  t h e  same flow rate a s  i n  t h e  previous work.(Z) 

Sample Mater ia l s  and Prepara t ion  

The c o a l  samples used were: 

Pennsylvania  Anthrac i te ,  
I l l i n o i s  No. 6 Bituminous ,and 
Montana (Rosebud) L i g n i t e ,  

a l l  kindly suppl ied  by t h e  P i t t s b u r g h  Energy Research Center .  
w e r e  carbonized i n  N2 a t  1000°C f o r  16 h r s  and subsequent ly  ground and 
s ieved  t o  t h e  s i z e  range of 590-840 microns which was t h e  s i z e  used through- 
o u t  t h i s  work. A demineral ized Montana L i g n i t e  sample w a s  a l s o  prepared by 
leaching  t h e  sample i n  a combined a c i d  s o l u t i o n  (6.2 M H C 1  and 7.4 MHF) 
a t  50'C f o r  48 h r s .  The leached sample was r i n s e d  thoroughly and d r i e d  
and was then  carbonized and s i z e d .  

The samples 
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DATA TREATMENT 

The chemical rates were c a l c u l a t e d  by using t h e  fol lowing s o l u t i o n  of 
t h e  b inary-d i f fus ion  equat ion  f o r  t h e  d i f f u s i o n  c e l l :  

where R is t h e  o v e r a l l  rate o r  t h e  mass f l u x  which was measured gravi -  
m e t r i c a l l y ;  C t h e  molar c o n c e n t r a t i o n  of t h e  d i f f u s i o n  gases ;  D t h e  
approximate b inary-d i f fus ion  c o e f f i c i e n t ;  (1 t h e  p a t h  l e n g t h  and Pco t h e  
p a r t i a l  p ressure  of C02 i n  t h e  b u l k  stream. 
t h e  Langmuir-Hinshelwood r a t e  express ion  and is def ined  by: 

kl is t h e  r a t e  c o n s t a n t 2 i n  

R = k,  P a t  t h e  s u r f a c e  ( o r  (1 = 0) (2) con 
Deta i led  d i s c u s s i o n  of these  equat ions  and t h e  c a l c u l a t i o n  of D i n  the  

temperature  range be ing  s t u d i e d  can be found i n  r e f e r e n c e  ( 2 ) .  The va lue  
of kl c a l c u l a t e d  with equat ion  ( 1 ) i s  i n  g e n e r a l  2-4% higher  than t h a t  
c a l c u l a t e d  b using t h e  s o l u t i o n s  of  t h e  exac t  multi-component d i f f u s i o n  
equations.(’Y A l s o ,  k i s  based on per u n i t , a r e a  of t h e  c r o s s  s e c t i o n  of 
t h e  d i f f u s i o n  c e l l .  
of t h e  r e a c t i o n  zone i n  t h e  p a r t i c l e s  can a l s o  be found i n  r e f e r e n c e s  
(2) and (8). 

Discussion of t h e  usage of t h i s  u n i t  and t h e  depth 

RESULTS AND DISCUSSION 

The rate cons tan t  k c a l c u l a t e d  from equat ion  (1)  r e p r e s e n t s  t h e  
i n t r i n s i c  chemical r e a c t i v i t y  of t h e  carbon s u r f a c e .  
series of measurements of R a L  vdrying PCOn were f i r s t  made, a l i n e a r  p l o t  
of R v s  log  (1 + Pco2) was then obta ined  and k 

To o b t a i n  kl, a 

w a s  c a l c u l a t e d  from t h i s  
p l o t  according t o  equat ion  ( 1 ) .  v a r i e d  wi th  t h e  percentage  
carbon burn-off and i n  t h i s  work, t h e  va lue  of w a s  t aken  i n  t h e  burn-off 
range of 20-40%. 

The va lue  of  & 

I n  Figure 1, t h e  f i r s t  k i n e t i c  d a t a  are summarized f o r  t h e  t h r e e  c o a l  
samples and t h e  leached l i g n i t e  a t  s e l e c t e d  temperature?.  The most 
prominent f e a t u r e  i n  t h i s  f i g u r e  i s  the  peaking ( o r  p l a t e a u i n g )  of t h e  
rate cons tan t  a t  varying temperatures .  Except f o r  t h e  a n t h r a c i t e ,  t h e  peak 
temperatures  are too low t o  be r e l a t e d  t o  t h e  well-known peaking phenomenon 
of  t h e  r e a c t i v i t y  of graphi te . (2-6)  However, a n  e x c e l l e n t  match can  be  
obtained between t h e  peak temperature  and t h e  temperature  range  f o r  mel t ing  
of t h e  ash .  The t h r e e  c o a l  samples present  a wide range  of  t h e  a s h  mel t ing  
temperatures .  The a s h  s o f t e n i n g  temperatures  ( suppl ied  by t h e  P i t t s b u r g h  
Energy Research Center)  and t h e  a s h  conten t  i n  t h e  c h a r s  (average v a l u e  of 
a t  least t h r e e  samples) are shown i n  Table 1. The k measured f o r  t h e  
leached Montana J i g n i t e  showed t h a t  the  peaking (or  p l a t e a u i n g )  does n o t  1 
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occur  around 1200°C. This  r e s u l t  i n d i c a t e s  t h a t  t h e  match between t h e  peak 
temperature and t h e  ash  mel t ing  temperature  i s  not c o i n c i d e n t a l .  

Below t h e  peaking tempera tures ,  t h e  r e a c t i v i t y  of t h e  char  obeyed t h e  
genera l  r u l e ;  l i g n i t e  > bituminous > a n t h r a c i t e .  This  a s p e c t  has  been 
discussed by Walker and Hippo. (7) A t  h igher  tempera tures ,  t h i s  r u l e  can 
no longer be a p p l i e d ,  as shown i n  F igure  1. For example, t h e  r e a c t i v i t y  
01 the  I l l i n o i s  No. G bituminous c o a l  char  i s  about  twice a s  t h a t  of t h e  
l i g n i t e  a t  1400°C and t h e  r e a c t i v i t y  of t h e  a n t h r a c i t e  can a l s o  exceed 
t h a t  of t h e  l i g n i t e  a t  about  1500°C. Peaking o f  t h e  r e a c t i v i t y  o€ t h e  
a n t h r a c i t e  char  may be a t t r i b u t a b l e  t o  t h e  peaking phenomenon due t o  
carbon alone.  (2-6) The s l i g h t  p l a t e a u i n g  of t h e  rate of t h e  leached 
sample a t  above 13OOOC was probably due t o  t h e  r e s i d u a l  ash  i n  char .  

An a t tempt  w a s  a l s o  made t o  e l u c i d a t e  t h e  r e l a t i o n s h i p  between t h e  
r e a c t i v i t y  and t h e  mel t ing  of  t h e  m i n e r a l s  by measuring t h e  s u r f a c e  areas 
of the  samples hea t - t rea ted  a t  above and below the  a s h  mel t ing  temperature .  
The r e s u l t s  a r e  shown i n  Table  1. 
measured i s  a t o t a l  s u r f a c e  area of t h e  carbon and t h e  minera ls .  Thus, 
t h e  r e s u l t s  of  t h e  s u r f a c e  a r e a  measurements do not  c o n t r i b u t e  t o  t h e  
propos i t ion  t h a t  t h e  molten m i n e r a l s  could f low i n  t h e  micro-s t ruc ture ;  
covering t h e  s u r f a c e  si tes as w e l l  as blocking the  a c c e s s i b l e  pores .  
Nevertheless ,  t h i s  phenomenon is  be ing  f u r t h e r  i n v e s t i g a t e d  i n  our l a b o r a t o r y .  

Unfor tuna te ly ,  t h e  s u r f a c e  area 
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Table 1. A s h  content and softening temperature 

Char Ash Content, % of Char Softening Temp., OC 

Pa. Anthracite 5 > 1600 

Ill. No. 6 Bitum. 17 1350 

- 

Montana Lignite 21 1200 

-_ Leached Lignite 2.4 

Table 2. BET N surface area of Montana lignite chars 2 

Treatment surface -ea, m2/g 

carbonized at 1000°C' 11.9 

leached and carbonized 
at 10000~ 20.2 

carbonized at 140OOC 38.4 

leached and carbonized 
at 140OOC 28.5 
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Figure  1. Rate  c o n s t a n t  v s  temperature  f o r  the  fol lowing c h a r s :  
Pa. A n t h r a c i t e  ( A ) ,  I l l i n o i s  No. 6 Bituminous ( O ) ,  Montana 
L i g n i t e  (0) , and leached Montana L i g n i t e  ( 9 ) .  
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